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IMPROVED POLY(ARYLENE ETHER) COMPOSITIONS AND THE METHOD FOR 
THEIR MANUFACTURE 

5 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of provisional application number 
10 60/000,514 filed on June 26, 1995 (pending), which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

15 1. Held of the Invention 

The present invention relates to fluorinated poly(aryiene ether) compositions 
for use in coating microelectronic structures, such as integrated drcuits, and the 
method for their manufacture. More particularly, ttiis invention relates to the use of 
novel bisphenol reactants in the method of manufacturing novel poly(arylene ether) 

20 compositions which possess Improved properties such as higher glass transition 
temperature and lower dielectric constant 

2. Background of the Invention 

Fluorinated poly(arylene ethers) based upon decafluorobiphenyl have been 
25 used extensively as replacements for polyimid'es for use in spin-coating substrates, 
such as muitichip modules, printed circuit boards, integrated circuits and other 
microelectronic devices in intermetal dielectric production. These fluorinated 
poly(aryiene ethers), which are commercially available from AlliedSignal Inc. under 
the tradename "FLARE™*, not only exhibit a themial stability comparable to that of 
30 polyimides but also possess about ten to forty times lower moisture absorption rate, 
a dielectric constant in the range of about 2.35 to about 2.65, and good retention of 
storage modulus abov their glass transition temp rature CTg"). These properties 
are relevant not only to enhanced circuit performance, i.e. higher speed, lower 
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power consumption, and reduced signal-to-noise ratios, but also to lower processing 
costs. By highly cross-linking th se compounds with cross-linking agents or cross- 
linkable pendent groups, their performance may be enhanced under process 
integration conditions, i.e. a Tg increase to greater than about 300 'C. See Lau, A. 
5 N. K. , et al. , Am. Chem. Sec. , Polymer Preprints, 33( 1 ). 996-997 (1 992). 

Also well-known in the art are methods for synthesizing ethynylated biphenyl 
monomers such as 2,2'-bis(phenylethynyl)-5,5'-diaminobiphenyl by first producing 
2,2'-diiodo-5,5'dimethoxybiphenyl from 3,3'-dimethoxybiphenyl. See Lindiey, P.M., 
10 et al., in J. Polym. Sci., Part A: Polym. Chem.. 1061-1071 (1991) and U.S. Patent 
No. 4,683,340 to Lindiey, et al. (together hereinafter refen-ed to as "Lindle/]. 
However, the yield of ethylnylated aromatic compounds produced therefrom is very 
low, i.e. 4% to 14%. 


15 It is further well known In the art to incorporate such ethynylated biphenyl 

monomers such as 2,2'-bis(phenylethynyl)-5,5'-diaminobiphenyl and 2.2'-bls(phenyl- 
ethynyl)-5,5'-diaminoben2idine in the synthesis of high-temperature resistant .high- 
performance polyphenylquinoxallnes and polybenzimidazoles. However, such 
methods are also laborious, costly, and low-yielding. See Lau, K S. Y.. "Chemistry, 

20 Characterization, and Processing of IMC Curing Polymers.' Final Report. Air Force 
Contract F33615-79-C-5101, for period of September. 1979 to June, 1983. Hughes 
Aircraft Company (1983). 

It would be desirable to provide an improved fluorinated poly(arylene ether) 
25 composition which would possess a Tg in excess of about 300 *C without having to 
highly cross-link the compound or include cross-linkable pendent groups as well as 
without sacrificing any of the other properties associated with known fluorinated 
poly(arylene ether) compounds. It would also be desirable to provide an 
economical, high-yielding process for producing such compositions. 


SUMMARY OF THE INVENTION 
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In accordance with this invention, ther is provided a novel composition of 
Formula C: 



wherein 


R"is an aromatic compound which imparts a glass transition 

temperature of greater than 260 "C to the composition; 
m is an integer of from about 0 to atxxrt 50; and 
n is an integer of from about 1 to about 200. 


10 In accordance with another aspect of this invention, there is provided a process 
for manufacturing the above composition comprising: 

reacting a compound of Formula A 


F F[f fJ^ 


15 


wherein 


r IS 


an integer of from about 0 to about 50, 


20 or a compound of Formula D 
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F 


H 


H 


F 



F 


H 


H 


F 


wherein 


q is 


an integer of from about 0 to about 49, 


5 with a compound of Fonfnula B 


HO-R-OH 


wherein 


Ris an aromatic nuclei which imparts a glass transition 
temperature of greater than 260«C to the composition 
10 under conditions sufficient to produce the composition. 

This invention is also directed to a process for producing a fluorinated 
poly(arylene ether) mixture suitable for spin-coating onto a substrate comprising: 

15 a) forming a solution from a composition of Fonnula C 



wherein 


R- is an aromatic compound which imparts a glass transition 


temperature of greater than 260 »C to the composition; 
m is an integer of from about 0 to about 50; and 
n is an integer of from about 1 to about 200 
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and an aprotic solvent; and 

b) filtering the solution through at least one filter having a pore size of about 
0.1 micrometers. 


This invention is also directed to a process for producing a cured, coated 
substrate comprising: 

a) forming a solution from a composition of Formula C 


wherein 

R" is an aromatic compound which imparts a glass transition 
temperature of greater than 260 'C to the composition; 
m is an integer of from about 0 to about 50; and 
n is an integer of from about 1 to about 200; 


and an aprotic solvent; 

b) filtering the solution; 

c) applying the solution of step b onto a substrate to fonn a film thereon; and 
20 d) heating the film of step c under conditions sufficient to cure the film. 

Another embodiment of the invention is directed to a process for making 
ethynylated, hydroxy-substituted biphenyl compounds comprising: 

a) halogenating 3.3'-dimethoxybiphenyl under conditions sufficient to fonn 2.2'- 
25 dihalo-5,5'-dimethoxybiphenyl; 


5 



10 
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b) reacting said 2,2'-dihalo-5,5'-dimethoxybiphenyl with a bromide containing 
compound in a chlorinated solvent under conditions sufficient to form 2,2'-dihalo- 
5,5'-dihydroxybiphenyl; 

c) reacting said 2.2'-dihalo-5.5'-dthydroxybiphenyl with a hydroxyl-containing 
5 compound in the presence of a protection catalyst under conditions sufficient to form 

2.2'-dihalo-5,5'-bis(tetrahydropyranoxy)biphenyl; 

d) ethynylating said 2.2'-dihalo-5,5'-bis(tetrahydropyranoxy)biphenyl with a 
compound of the formula 

CuCsCR' 

10 wherein R' is comprised of an alkyi group having from about 1 to about 20 carbon 
atoms, an alkenyl group having from about 1 to about 20 carbon atoms, an aryl 
group, a heteroaryl group, and derivatives or mixtures thereof to fonn 2.2': 
bis(CHCR*)-5.5'-bis(tetrahydropyranoxy)biphenyl; and 

e) hydrolyzing said 2,2'-bls(CsCR')-5.5--bis (tetrahydropyranoxy) biphenyl 
15 under conditions sufficient to form 2.2'-bls(CeCR')-5.5'^is(dihydroxy)biphenyl. 

wherein R' is as described In step d. 

The po!y(arylene ether) compositions of this Invention not only possess a Tg 
in excess of about 350 vwthout having to highly cross-link the compound or 
include cross-linkable pendent groups thereto as well as without sacrificing any of 
20 its other properties such as solubility, spln-coatabillty. high thermal stability, low 
moisture absorptivity, low dielectric constant, and planarizability. 

ppiPP nfgSCRIPTfON Q P THE DRAWINGS 


25 


The invention will be more fully understood and further advantages will become 
apparent when reference is made to the following detailed description of the 
preferred embodiments of the Invention and the accompanying drawings, in which: 

FIGURE 1 illustrates a method for the synthesis of 2.2'.DIiodo.5.5'. 
30 dimethoxybiphenyl. 
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FIGURE 2 illustrates a method for synthesizing 2,2'-Bis(phenylethynyl).5.5'- 
dihydroxybiphenyl. 

FIGURE 3 illustrates a method for synthesizing poly(arylene ether) 
5 compositions according to the' process of the present invention. 

FIGURE 4a illustrates the thermal behavior of a poly(arylene ether) 
composition containing 2.2'-bis(phenylethynyl) biphenyl-5.5'-dioxy linkages during 
two thermal cycles under conditions of differential scanning calorimetry ("DSC"). 
10 FIGURE 4b illustrates an enlarged view of the second scan of FIGURE 4a. 

FIGURE 5 illustrates the thermal behavior of a poly(arylene ether) composition 
containing 2.2'-bis(phenylethynyl) biphenyl-5.5'-dioxy linkages under conditions of 
dynamic mechanical analysis. 

15 

nccrPi pTinM OF THE PP gPgRRgP EMBODIMENTS 

Unless indicated othenwise, all references herein are specified in weight. As 
used herein, "glacial' means the absence of water or undiluted. Although the below- 
20 described reactions may be conducted in any type of conventional round-bottom 
reaction vessels, it is preferable to use a nonmetallic-lined vessels. 

The ethynylated aromatic compound starting materials, which are preferably 
ethynylated hydroxy-substituted biphenyl rbisphenol") compounds corresponding to 
25 Formula B 

HO-R-OH 


30 


wherein 


Ris 


an aromatic nuclei that imparts a Tg of greater than 
about 260 "C. and preferably from about 350 °C to about 
460 °C, to the compounds which contain them, 
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are either commercially available and/or may readily be synthesized by one skilled 
in the art without undue experimentation based upon a conventional boron 
tribromide demethylation reaction of the R groups with methoxy substituents. 
Details of such reactions are well-known in the art and described at, for example, 
5 McOmie, J. F. W.. et al.. 24 Tetrahedron 2289-2292 (1 972) (hereinafter "McOmie"]. 


Examples of suitable R groups include 


10 
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10 


2.2'-bis(phenylethynyM.8' 2,2'*i8{ph«nytethynyl). 
^ihydrojtybiphenyl and 4.4'-(Hhydroxyblphenyl. 

with 2,2'-bis(phenylethynyl)-5.5'- dihydroxybiphenyl being most preferred. 
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In a preferred embodiment for producing ethnylated aromatic compounds, 
commercially available 3,3'-dimethoxy-4,4'-diaminobiphenyl ("o-dianisidine'). is 
diazotized under conditions sufficient to form 3,3'-dimethoxybiphenyl. Details of this 
reaction areweli-krrown In the art and are described in, for example, U.S. Patent No. 
5 3,320,320 to Kamlet et al., which is incorporated herein by reference; Organic 
Synthesis 30-55 (N.Y. 1941); and Organic Synthesis Collective Volume III, 295-299 
(1955). 

The 3,3'-dimethoxybiphenyl is converted into 2,2'-dlhalo-5,5'-dimethyoxy- 
10 biphenyl, and preferably 2,2'-diiodo-5.5'-dimethyoxy-biphenyl. via an initial reaction 
with a halogen such as chlorine or bromine, and preferably bromine, miscible In 
glacial acid such as cartsoxylic acids and anhydrides thereof including but not 
limited to propionic add, butyric acid, and acetic acid under a temperature of firom 
about 60 "C to about 150 'C, and preferably from about 100 °C to about 120 "C and 
15 ambient pressure to form 2,2'-dihalo-5,5'dlmethoxybiphenyl, and preferably 2,2'- 
dibromo-5,5'dimethoxybiphenyl. Acetic acid is preferred. The period of reaction 
may range from about 1 hour to about 10 hours, and preferably from about 2 hours 
to about 4 hours. The concentration of halogen in the acid-containing mixture is 
from about 5 to about 50%. and preferably from about 10 to about 20 %. based upon 
20 the total weight of the halogen-acid mixture. The molar ratio of 3,3- 
dimethoxyblphenyl to the halogen desired Is about 1 to 2, preferably about 1 to 3, 
and most preferably about 1 to 2.2. 

As illustrated in Figure 1. the product of the initial halogen reaction, i.e., 2,2'- 
25 dibromo-5.5'dimethoxybiphenyi. is then halogenated into a second 2.2'-dihalo-5,S'- 
dimethoxybiphenyl. i.e. 2.2'-dilodo-5.5'.dlmethoxyblphenyl, via a lithiation exchange 
reaction in the presence of an organolithlum reagent, such as n-butyllithium, to fbnti 
a dlllthiated intermediate which is then reacted with the desired halogen, or via a 
Grignard reaction with magnesium to fomi a bIs-Grignard Intermediate, which is then 
30 reacted with the desired halogen. The lithiatlon-halogenation reactions occur at a 
temperature of from about -78«C to about .20«C, and preferably from about -78'C to 
about -50'C and ambient pressure, while the Grignard^ialogenation reactions occur 
under conditions of ambient temperature and pressure. Iodine is the preferred 
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halogen. The molar ratio of the second 2,2'-dihalo-5,5'dimethoxybiphenyl to 
halogen is about 1:2, preferably about 1:3, and most preferably about 1:2.2. The 
molar ratio of the second 2,2'-dihalo-5,5'dimethoxybiphenyl to the organolithium 
reagent or magnesium is about 1:2, preferably about 1:3, and most preferably about 
5 1:2.5. The period of these halogenation reactions may depend upon the specific 
chemical stmcture, but will generally be from about 0.5 hours to about 4 hours, and 
preferably from about 1 hour to about 2 hours. 

The second 2,2'-dihalo-5,5'-dimethoxyblphenyl , and preferably 2,2'-diiodo- 
10 5,5'-dimethoxybiphenyl, is then demethylated under temperatures of about -78 *C to 
about -20 'C, and preferably from about -78 'C to about -50 'C, and ambient 
pressure, with a bromide-containing compound such as hydrogen bromide, boron 
tribromide, or mixtures thereof In a chlorinated solvent such as a chlorohydrocarbon 
including but not limited to dichloromethane to yield 2,2'-dihalo-5.5'- 
15 dihydroxybiphenyl, and preferably 2,2'-diiodo-5,5'-dihydroxybiphenyl. Boron 
tribromide is the prefered reactant The concentration of the bromide-containing 
compound in the chlorinated solvent may range from 0.05M to about 1M, and 
preferably from about 0.1 M to about 0.5M. The period of the demethylation reacUon 
may depend upon the chemical stmcture, but will generally be from about 5 minutes 
20 to about 2 hours, and preferably from about 15 minutes to about 1 hour. The molar 
ratio of 2.2'-diiodo-5.5'dimethoxybiphenyl to the bromide-containing compound is 
about 1:3 to 1:10, and preferably about 1:2.5 to 1:5. 

The product of the demethylation reaction, i.e. 2,2*-diiodo-5,5'- 
25 dihydroxybiphenyl, is then reacted with a compound containing a hydnsxyl protective 
group, preferably dihydropyran, in the presence of a protection catalyst under 
temperature conditions ranging between 0«C to about 30«C. and preferably from 
about 20»C to about 25''C, and ambient pressures to form 2,2'-diiodo-5,5'- 
bis(tetrahydropyranoxy)biphenyl. Details of this reaction are well-known in the art 
30 and are described in. for example. Lindley which is incorporated herein by 
reference, with the exception that we have found that it is preferable to use from 
about 100 % to about 500%, and more pref rably from about 200 % to about 250 % 
by weight catalyst relative to 2,2'-dihalo-5,5'-dihydroxybiphenyl. Suitable protection 
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catalysts have a purity of at least about 99% and include arylsulfonic acids such as 
p-toluenesulfonic acid, benzenesulfonic acid, and p-bromophenylsulfonic acid, with 
p-toluenesulfonic acid being preferred. The molar ratio of the hydroxyl-containing 
compound to 2,2'-diioda-5,5'-dihydrQxybiphenyl is from about 100:1 to 500:1. more 
5 preferably from about 200:1 to 250:1, and most preferably from 100:1 to 150:1 . The 
period of the hydroxy reaction may depend upon the reactivity, but will generally be 
fi-om about 1 hour to about 48 hours, and preferably from about 12 hours to about 
24 hours. 

10 The 2,2*-dliodo-5.5'-bis(tetrahydropyranoxy)biphenyl, and preferably 2.2- 

diiodo-5,5'-bis(tetrahydropyranoxy)biphenyl, is then ethynylated with a solution of a 
copper acetylide compound in a solvent having a boiling point of from about 100»C _ 
to about 120°C to forni 2,2'-bls(CsCR')-5,5'-bis{tefrahydro-pyranoxy)biphenyl 
compounds, wherein R' is a moiety comprising an alky! having from about 1 to about 

15 20, and preferably from about 1 to about 6 carbon atoms; an alkenyl having from 
about 1 to about 20, and preferably from about 2 to about 10 carbon atoms; an aryl 
such as those having a substituted phenyl ring as illustrated by tolyl or anisyl, or 
those having a fused aromatic nucleus such as naphthalene, anthracene, 
phenanthrene, and pyrene; a heteroaryl such asfuran, pyrrole, thiophene, pyridine. 

20 quinoline. quinoxaline. and derivatives and mixtures thereof, and preferably is a 
phenyl, a pentafluorophenyl. or a biphenylyl group, and most preferably a phenyl 
group. Suitable R' groups Include, but are not limited to 



-C.H2.CH3 , € .HtaGHs . -C«H4C.HtaCH, , 


or mixtures thereof; 


wo 97/01593 


13 


PCTAJS96/10811 


R,, R2, and R3 are independently comprised of an alkyi having from about 1 to 
about 10 carbons, an aryl comprising phenyl, or biphenylyl, or terphenylyl, or 
mixtures thereof; and n is an integer of from about 0 to about 20, and preferably 
about 1 to about 5. 

5 The temperature of the ethynylation reaction may range from about 80*C to 
about 1 50**C, and preferably from about QO^C to about 110°C . The pressure is 
ambient. The molar ratio of 2,2'-dihalo-5.5'-bis(tetrahydropyranoxy) biphenyl, i.e. 
2,2'-dlhalo-5.5'-bis(tetrahydropyranoxy)biphenyl, to copper acetylide compound is 
about 1 to 10, preferably about 1 to 5 and most preferably about 1 to 2.5. The 

10 period of the ethynylation reaction will depend upon reactivity of the haloaromatic. 
i.e. 2,2'-diiodo-5,5'-bis(tetrahydropyranoxy)biphenyl, but will generally be from about 
30 minutes to about 48 hours, and preferably from about 4 hours to about 30 hours. ^ 
The copperin acetylide compound is of the fonnula 

Cu-CsC-R 

15 wherein R' is as described above. 

The prefen-ed coppertl] acetylide compound is copper(ll phenylacetyllde. Further 
details of the phenylethynylation of haloaromatics by copperll] phenylacetyllde is 
described in, for example, Stephens, R. D., et al. 28 J. Org. Chem. 3313-3315 
(1963) and Castro. C. E., et al., 31 Journal of Organic Chemistry 4071-4078 (1966). 

20 

Examples of suitable solvents for the ethynylation reaction include pyridine and 
pyridines substituted with moieties such as alkyI having from about 1 to about 10. 
and preferably from about 1 to about 5 carbon atoms. Pyridine is preferred. The 
solvents have a purity of at least about 95% and a copperll] acetylide concentration 
25 of from about 1 0% to about 40%, and preferably from about 10% to about 20%. 

The tetrahydropyranyl groups are removed from 2,2*-bis(CeCR')-5,5'- 
bis(tetrahydropyranoxy)biphenyl by acid hydrolysis under ambient conditions to fomi 
ethynylated aromatic compounds of the fom^ula 2.2'-bis(CsCR>5,5'. 
30 dihydroxybiphenyl. wherein the substituent R' is as above-described. Suitable acid 
solutions contain, based upon the total weight of the solution, from about greater 
than 0 % to about 20%. and preferably from about 5 % to about 10 % acid. Any acid 
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may be used, but hydrochloric acid is preferred. Examples of suitabi solv nts 
include any aprotic solvent such as toluene. The molar ratio of the acid solution to 
2,2'-bis(CsCR>5.5'-bis(tetrahydropyranoxy)biphenyl is from about 80:20 to 50:50, 
and preferably from about 80:20 to 75:25. The period of the hydrolysis reaction 
5 generally will be from about 1 hour to about 10 hours, and preferably from about 1 
hour to about 3 hours. 

Examples of ethnylated aromatic compounds produced according to the 
process of the present invention include those 2.2-bis(substituted ethynyl)-5,5'- 
1 0 bis{tetrahydropryanoxy)biphenyl compounds of the formula: 

HO OH 

c c 

Di III 

P 

R' R' 

wherein R" is as above described. The preferred ethynylated aromatic 
compound is 2,2'-bis(phenylelhynyl)-5.5'^ihydroxybiphenyl. Figure 2 illustrates the 
15 preferred synthetic sequence for the synthesis of the preferred monomer, 2,2'- 
bis(phenylethynyl)-5,5'-dihydroxybiphenyl. 

Preferably, the products of each above-described reaction step are recovered 
from any products, solvent and catalyst that may be present prior to commencement 
20 of the next reaction step. Preferably the products should be about 85-100% , and 
more preferably about 95-99% pure. The products may be recovered by any means 
well known in the art including but not limited to distillation, repredpitation, 
extraction, and recrystallization. 

25 The other starting material for pnsducing the poly(arylene ethers) of the present 
Invention includes the perfluorinated phenylenes of Formula A: 
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wherein 


r is an integer of from about 0 to about 50, preferably from about 
0 to 10, and more preferably from about 0 to about 3; 


or compounds of Formula D: 



10 


IS 


wherein 


q is an integer of from about 0 to about 49, preferably from 
about 0 to about 9, and more preferably from about 0 to 
about 3. 

Compounds corresponding to both Formulas A and D can be readily 
synthesized by one of ordinary skill in the art without undue experimentation. 

Examples of suitable perfluprinated phenylenes include hexafluorobenzene 
20 (m=0); decafluorobiphenyl (m=1); the three terphenyl stmctures (m=2). i.e.. 
tetradecafluoro-para-terphenyl. tetradecafluoro-meta-terphenyl. and tetradecafluoro- 
ortho-terphenyl; and tetraphenyl stmctures (m=3) such as octad cafiuoro-para. 
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para, para-tetraphenyl and octadecafluoro-para, para, meta-tetraphenyl, 
octadecafluoro-para, para, ortho-tetraphenyl, and all isomers thereof due to ring 
catenation, and mixtures and copolymers thereof. Decafluorobiphenyl Is preferred. 

5 In another embodiment of the present invention, the fluorlnated poly(arylene 
ethers) of Formula C may be synthesized by reacting the starting materials, i.e. the 
bisphenols of Formula B and the fluorlnated phenylene compounds of Fonnulas A or 
D, under conditions sufficient to affect the polymerization reaction. More 
specifically, the bisphenol moieties of Fonnula A or D are replaced with, for 

10 example, bis(phenylethynyl) biphenyl moieties such as the 2.2'-bis(phenylethynyl). 
4.4'-dihydroxybiphenyl or 2.2'-bis(phenylethynyl)-5.5'-dihydroxybiphenyl of Formula 
B. to form a polymer corresponding to Fomnula C having a glass transition 
temperature greater than about SSCC: 



15 wherein 

R- is an aromatic compound which imparts a glass transition 
temperature of greater than 260 "C to the composition; 

m is an integer of from about 0 to about 50. and preferably from 
about 1 to about 25, and more preferably from about 1 to 

20 about 10; and 

n is an integer of from about 1 to about 200. and preferably from 
about 1 to about 100 and more preferably from about 25 to 
about 100. 


25 


Examples of suitable R' groups include 
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or mixtures thereof. 


Preferred bisphenol compounds include 




2.r*ls(ph«nytethynylhS.«* 2.r-bis(phenylethynyl). 
10 -dihydroxyblphwyl and 4.4'Hiihydroxyblplwnyl. 

with 2.2'-bis(phenylethynyl)-5,5'- dihydroxybiphenyl being most prefe^ed. 


The temperature at which the polymerization reacOon is conducted and the 
reaction time will depend on the molecular weight build-up desired in the compound 
having Formula C. One of ordinary skill in the art can readily optimize the 
conditions of the reaction to get the claimed results, but the temperature will 
generally be in the range of from about 100'C to about 175«C. and preferably from 
about 110»C to about 130«C. for a period of. for example, from about 12 to about 48 
hours, and preferably from about 24 to about 30 hours. Pressure is not critical. 


15 
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10 


The molar ratio of compounds having Formula A or D to those having Formula 
B is about 1 to 1. preferably about 1 to 0.90, and most preferably from about 1 to 

0.95. 

Compounds con-espondlng to Fomiula C have a number-average molecular 
weight (' Mn") of from about 8.000 g/Mol to about 30.000 g/Mol. and preferably from 
about 10.000 glMo\ to about 20,000 g/Mol. and are produced in a yield of at least 
from about 50% to about 100%. and preferably from about at least 75% to about 90 
%. based upon the weight of monomers con-esponding to Formula A, D, or B 
consumed. 


The compounds corresponding to Fomnula C are preferably recovered from 
any inorganic by-products produced in the synthesis reaction via conventional 
15 isolation methods known in the art such as precipitation, extraction, washing with a 
non-solvent and drying, and combinations thereof. 

In an alternative embodiment copolymers con^sponding to fonnula C" 



A F F F F 


20 


c c 

ni III 
P Q 


-I2a 


F K 


-0-Z-O 



F F F 


_J a 


25 


wherein 
Zis 

Yis 


any of the above-described compounds having Fonnula B or 
1,5^iaphthalenediyl. and preferably is1.5-dinaphthalenediyl; 
independently 
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Ti. T2. and T3 are independently comprised of an alkyi having from about 1 
to al30ut 10 carbons, an aryl comprising phenyl, or 
biphenylyl, or terphenylyl, or mixtures thereof; and preferably 
5 is phenyl, 

a is independently an integer of fi-om about 0 to about 200, 

preferably from about 10 to about 100, and more preferably 
from about 10 to about 50; and 
b is an Integer of from about 0 to about 20, and preferably about 

10 1 to about 5. 

may be produced by reacting compounds con-esponding to Fomiula A with a 
compound corresponding to Fomiuia B, an optional but prefen^ inorganic base 
such as potassium carbonate, sodium carbonate, potassium hydroxide, sodium 
hydroxide or mixtures thereof, and another bisphenol-containing coreactant 
15 con^sponding to Formula Z under conditions set forth in the above polymerization 
reaction. The prefen^d inorganic base is potassium carbonate. The molar ratio of 
compounds having Fomiuia B to those coreactant compounds having Fonnuia Z is 
about 20:1, and preferably about 5:1, and more preferably from about 2:1. A 
prefen-ed compound of Fomiuia C* is the copolymer con-esponding to Fomiuia C: 


wo 97/01593 


21 


PCT/OS96/10811 



F F^F 


F F F F 


_l2cl_ 


■0-Z-O 



-J c 


wherein 

cis independently an integer from about 1 to about 200, 
preferably from about 10 to about 100, and more preferably 
from about 1 0 to about 50; 

Z is defined above for Formula C; 
and the Y group of the compound having Formula C" is a phenyl. 


In 


an alternative embodiment, a copolymer con-esponding to Formula D": 


10 


15 


c c 

II lU 
R R 


wherein 
Zis 


R is 


2d 


O— Z — 



J d 


any of the above-described compounds having Formula B or 
1.5-naphthalenediyl. or mixtures thereof, and preferably is 
1,5-dinaphthalenediyl; 
independently 
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N 



N N 



N N 

W 




-CbHjbCcHs , 


-C6H4CbH2bCH3 


10 


15 


20 


d is 


bis 


q is 


and preferably is phenyl, 
Ti, T2. and T3 are independently comprised of an alkyi having from about 1 
to about 10 carbons, an aryl comprising phenyl, or 
biphenylyl, or terphenylyl, or mixtures thereof; and preferably 
is phenyl. 

independently an integer of from about 1 to about 200. 
preferably from about 10 to about 100. and more preferably 
from about 1 0 to about 50; 

an integer of from about 0 to about 20. and preferably about 
1 to about 5. and 

independently an integer of from about 0 to about 50. 
preferably from about 0 to 20, and more preferably fhjm 
about 0 to about 3 

may be produced by reacting compounds corresponding to Formula D with a 
compound corresponding to Fomiula B. an optional but preferred inorganic base as 
described above, and another bisphenol-containing coreactant corresponding to 
Formula Z under conditions set forth in the above polymerization reaction for 
compounds having formula C. The preferred inorganic base is potassium 
carbonate. 

The fluorinated poly(arylene ether) composition of the present invention may 
be formed into a solution suitable for application onto the substrate by any 
conventional means, such as spin^ating. Preferably, the solution is centrally 
applied to the substrate, which is then spun at speeds ranging between about 500 
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and about 6000 rpm, preferably between about 1500 and about 4000 rpm, and most 
preferably at 2900 rpm to 3.100 rpm, for about 2 to about 60 seconds, and 
preferably from about 5 to about 30 seconds, in order to spread the solution evenly 
across the substrate surface. 

5 

Solvents suitable for use in the solutions of the present invention include 
aprotic solvents such as cyclopentanone; cyclic ketones such as cydohexanone, 
cycloheptanone, and cyclooctanone; cyclic amides such as N-alkylpyrrolidinone 
wherein the alkyi has form about 1 to about 4 carbons atoms and N-cydohexyl- 
10 pyrrolidinone and mixtures thereof. Cyclopentanone is prefeoed. 

The solution is formed by combining the solvent and poly(arylen« ether) 
composition under ambient conditions in any conventional apparatus having a non- 
metallic lining, and preferably in a glass-lined apparatus to produce a solution 
15 comprised of. based upon the total weight of the solution, from about 1 to about 50 
%, and preferably fi^m about 3 % to about 20% of the fluorinated poly(arylene 
ether) composition and from about 50% to about 99%, and preferably from about 
80% to about 97% of solvent 

20 The resulting mixed solution is then filtered under ambient conditions via 
filtration means well-known in the art including, but not limited to commercially 
available filtration cartridges having the desired porosity. Preferably, these filtration 
cartridges consist of a non-stick, scratch resistant material such as Teflon® 
available from DuPont Although one skilled in the art can readily detennine without 

25 undue experimentation the ultimate pore size of the filtration means based upon the 
desired application, it is generally preferable to use a means having a pore size less 

' than about 1 .0 (im. and preferably less than 0. 1 jun. 

In a prefen-ed embodiment, the mixed solution is filtered through a variety of 
30 filtration means having different pore sizes. More preferably, the solution is filtered 
sequentially through about 4 filtration means having a pore size of about 1.0 urn, 
about 0.5 Jim, about 0.2 nm, and about 0.1 nm, r spectively. 
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Typically the solutions of this invention are applied by standard spin-coating 
techniques welUknown in the art onto wafer substrates, such as silicon or metal 
wafers having an aluminum wiring circuit pattern on their surface, to be processed 
into integrated circuits and/or other microelectronic devices. 

5 

The coated substrate is then heated by any conventional means known in the 
art. Preferably, the combination is heated by placing it on top of a hot plate. 
Typically this is done commercially via a conventional integrated spin-coater/hot 
plate system. This type of heating not only rapidly and directly expels the solvent 

10 from the solution and causes the film to flow, but is also easily adaptable for 
continuous processing operations. The coated substrate is typically heated for 
about 30 seconds to about 5.0 minutes at temperatures ranging between about 
SO-C and about 250-C. arKi more preferably about 100°C and about 200*'C. 
Multiple hot plates, I.e. between about 2 and about 5. and preferably 1mm about 2 to 

15 about 3, can be used to process the coated substrates under similar conditions. 

In a preferred embodiment, the coated substrate is baked for up to about 2 
minutes, and preferably from about 50 to about 70 seconds, on a hot plate set at a 
temperature of about 70'C to about 150-C. and preferably from about 100»C to 

20 about 150»C. then cured with thermal or electron beam energy in a conventional 
curing means such as an oven chamber or an autoclave, within a temperature range 
of about 300-C to about 450»C. and preferably from about 375°C to about 425»C. for 
about 0.5 to about 4 hours, and preferably from about 1 .0 to about 2.0 hours. The 
cure pressure may range between about 1 torr to about 2 torr. The length of 

25 exposure wiil generally range from about 2 to about 45 minutes, and preferably from 
about 5 to about 25 minutes for a dose of electron beam energy ranging from^about 
1000 to about 50.000. and preferably from about 2500 to about 10.000 ^C/cm^ The 
accelerating voltage of the electron beam may vary from about 1 to about 25 KeV. 
Further details regarding such curing methods may be found in U.S. Serial Number 

30 60,000,239 filed on June 15, 1995 (pending) and US Patent Number 5.003.178 to 
LiJesay. et al. which is incorporated by refer nee. Depending on the processing 
characteristics of the polymer, the baked, uncured coated substrate may be then 
baked a second time or third time for up to about 2 minutes/baking, and preferably 
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from about 50 to .bo^ 70 secondsft,3l<ing. on a hot plate set at a temperature of 
about 90-C to about 200«C, and preferably from about 130-C to about 150"C. pnor 
,0 being cured with .hernial or electron beam energy under the time and temperature 
conditions set forth above. 

The thickness of the resulting thin-fllm ranges from about 0.5 urn to about 40 
^ preferably from about 0.8 to about 2.0 ^. The films produced by 
ZL general, exhIbH a «,ic.<ness s«ndard dev,a..n less man 2^. and 
preferably less than 1%, of the average film thickness. 

The films produce, according to me present invenfion "o^ess 
beneficial properfies such a, . Tg of greater than about 350-0 and a^d^eC^ 
constant below ^ 2.8. Mhough no. ^sh.g to be bour^ by 
believe that the Wgh Tg is a result of the inWnolecular cydizaUon flMC ) read,* 
pro^mal pheny^hyny. penden. gr^s in bisphenol c^ - 
2 2'*is(phenyle.h,nyl)-5,S^ihydro^iP^ny,. The film ,s un*onn and can be 
c^^m aTj degree of consistency. The film Is resistant to ocga^c 
mLa. loss in mechanical s.eng. and modulus above . Tg U, 
less than 1 .5 orders of magnitude. 

' T.e following n.n.«lng measurement illus.ra.e the ^pei^s of Jhe 
poMarylen. ether) soluBon, and U,-n films of the pr.s«>. invents. « »n be seen 
:Smposses,e,supehorme,.icmechanlc.andelec»lcalp«pe,,.as: 

1, FMn. vmnSi lAl using a calibr..ed Nanospeo. AFT-Y CTS-IM 
J oi^so'^^^^ter Film Th«<nes. Measurement ^^^ '^^^^ 
r CO.. light Of wavelengms ^ ^ "JIT. ^ 

~ ^:t:rrs :r m:r ::3surema. are 

30 r^fr:— on.ewafer.T.averageo,t.,ef.ev..s 


is recorded. 
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2) Film Stress fMPa) : A coated wafer is placed inside the fumace chamber of 
a Flexus"* model 2410 Film Stress Measurement System availat)4e from Tencor 
Instruments. After inputting the value of a films' thickness into the System, the film's 
stress is computed therefrom. 

5 

3) Molecular Weight rftvrv. About 50 ^1 of a 0.5% solution of the subject 
poly(arylene ether) in N-methylpyrrolieinone ("NMP") is injected into a gel phase 
chromotography system ("GPC) from Waters. This GPC system has B columns 
containing gels with an average cavity size of 10 u .which are available from 

10 Polymer Labs. A continuous flow of 0.0125 M solution of LiBr in NMP is maintained. 
The GPC is calibrated using polystyrene standards available from Polymer Labs 
under the tradename "PS-2". These standards have a MW ranging from 580 g/Mol 
to 400,000 g/Mol. Further details of this procedure are set forth in Rosen, S.. 
•Fundamental Principles of Polymeric Materials 53-81 (2nd Ed. 1993). 

15 

4) Dielectric Constant: The dielectric constant of a poly(afylene ether) film is 
determined using the capacitance-voltage ("CV) measurement technique. Metal- 
oxide semiconductor CMOS") capacitors are constructed by depositing the polymer 
film onto a thermally grown silicon dioxide layer on a low-resistivity n-type silicon 

20 wafer. The silicon wafer acts as the bottom electrode of the capacitor structure. 
The top electrode (gate electrode) is formed by sputter deposition through a shadow 
mask of 1 Jim of Al onto the polymer film. Owing to the fact that the radius of the Al 
dot is much greater than the combined polymer film and thermal oxide thicknesses, 
the parallel plate approximation is used to determine the dielectric constant of the 

25 polymer film. The following formula is valid for the parallel plate geometry used: 


ko A 


CoxC 


Cox - C 


where c is the measured tcrtal capacitance of the film 
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C„ is the capacitance due to the oxide film (Cox = ko-kox-A /dox) 
ko is the permittivity of the free space (8.854 X 10"'* F/cm) 
kcx is known as 4.0 
kp is the dielectric constant 
5 A is the measured area of the deposited Al dot (electrode) 

d is the measured thickness of the polymer film 
d„ is the known thickness of the thermal oxide layer 

The value of C, the total measured capacitance, is determined with the MOS 
10 capacitor biased into the accumulation mode, which occurs when a positive gate 
potential is applied. The capacitance is measured using a Hewlett-Packard Model 
4061A semiconductor measurement system consisting primarily of a sensitive 
multifrequency (IOKHZ-IOMH2) Induction Capacitance and Resistance ("LCR') 
meter, current and voltage sources, ramp generator, and picoammeter. All 
15 measurements are made at a frequency of 1 Mhz. Prior to a set of measurements, 
the stray capacitance due to the coaxial cable and probe unit is zeroed out 

Further details of this procedure are set forth in 'SOG Dielectric Constant 
Theory-, report by AlliedSignal Inc., Advanced Microelectronic Materials Division 
(January 3. 1995). Additional details for dielectric constant measurements are set 
20 forth in Solymar, L. et. al.. 'Lectures on the Electrical Properties of Materials.' (2nd 
Ed. 1979). 

The metal-insulatorwnetal ('MIM") structure used in the electrical 
measurements can be a direct-on^netal ('DOM-) stnjcture (i.e.. AI/polymer/AI) or 

25 with a capping layer (liner) in the total MIM structure (i.e.. AI/Polymer/Cr/Cu/Cr/AI). 
The DOM structure comprises an underiayer of aluminum onto which a layer of 
poly(arylene ether) film has been deposited by standard spin-coating technique and 
cured at 425»C for 1 hour. A layer of Al dots is then deposited by standard plasma 
vapor deposition ('PVD') through a shadow mask. The thickness of each layer 

30 ranges from about 0.5 to about 1 m- The test structure incorporating the capping 
layer is comprised of a thin multilayer metal liner applied directly over the aluminum 
underiayer. before the deposition of the poly(arylene ether). The capping liner, 
which is comprised of two outer layers of chromium with a copper layer 
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therebetween, has a total thickness of about 200 A to about 300 A. Details of this 
test procedure are set forth in Lau, K. S. Y.. et al. "Characterization and Thin-Film 
Properties of FLARE™. A Low Dielectric Constant. High Tg Fluorinated Poly(arylene 
ether), as an Intermetal Dielectric for Interconnect Applications," Proceedings of Low 
5 Dielectric Constant Materials and Interconnects Wori<shop (California April 30-May 
1,1996). 

Alternatively, from measurements of the out-of-plane refractive index, nru, the 
out-of-plane dielectric constant was also calculated from the Maxwell identity, K = 

10 nrM^ Similariy. from measurements of the iniDlane refractive index. nxE . the in- 
plane dielectric constant was calculated from the Maxwell identity. K « rhz. The 
Maxwell identity expressed in this form assumes that the film is nonmagnetic, which 
is the case. Details of this study are set forth in McKen-ow, A. J., et al. 
"Characterization of Low k Dielectrics for ILD Applications." Proceedings of Low 

15 Dielectric Constant Materials and Interconnects Woricshop (Califomia April 30-May 
1.1996) [hereinafter "McKerrow']. 

5) niffAr,.nfial Scan "i»T rainrimiitfv ("DSC"): About 5 mg of poly(arylene 
ether) powder was heated at a rate of 10 "C/min in a purged nitrogen environment in 
20 a Perkin-Elmer Model DSC 7 system from a temperature of 25 =C to 450 "C. The 
film was maintained therein at a temperature of 450 »C for 5 minutes before cooling 
at a rate of 10 "C/min to 25 »C. The Tg was calculated from a deflection in the 
temperature ( •C) versus heat flow (Watt/g) curve as known in the art 

25 6) n yn^mic Mechanical Analysis ("DMA"): measures storage modulus 
(MPa) and loss modulus (MPa); 1 cm x 5 cm x 1 mm samples are placed into a 
Dynamic Mechanical Spectrometer 110 available from Seiko Instnjments Inc.. USA 
set in the Flexural Mode (3 point bending mode) with a frequency of 1 Hz; the 
samples are heated at a rate of 3 »C/minute from -20 -C to 300 -C. The Tg is 

30 determin d by the position of the tan 5 peak ( = storage modulus/loss modulus). 
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7) Thermal Mechanical Analysis ("TMA"): measures Tg; Film disks having 
a 10 mm diameter and a 30 \im to 40 um thickness are placed into a Perkin-Elm r 
Thermal Mechanical Analyzer. As the temperature therein is increased at a rate of 
10 *C/min from -50**C to 300 'C, a continuous force of about 2 mN to atxsut 3 mN is 
S applied to the film in extension. 

The coefficient of thennal expansion ('CTE') is derived from the slope of the 
graph of the film dimension Increase (ppm) versus temperature (»C) as recorded by 
the Analyzer. The Tg is obtained from the deflection in the curve of the graph as is 
10 known in the art 

The CTE v\^as also derived via the "bending beam" procedure, details of which 
are set forth In "McKen-ow". 

15 8) fiapfiil Ability fmn): After coating a patterned wafer with the subject 

poly(arylene ether) and curing, the resulting 6 inch diameter wafer with a cured film 
layer of 1 micron thickness thereon was deaved via conventional or focused ion 
beam milling procedurBS. The cross-sectional view of the coated wafer was 
examined under a JEOL Model JSM-6300F scanning electron microscope ("SEM") 

20 in order to determine what gap sizes and trench depths on the wafer were 
completely filled. The reported values represent the smallest gap sizes which could 
be completely filled without defects. 

9) Solution Viscositv lePV. Approximately 20 ml of a poly(arylene ether) 
25 solution were placed In a Brookfield Synchro-lectric viscometer. Model LVT 62238 to 

measure the solution viscosity, typically at ambient temperature. 

10) Piim Thfekneay iiniformitv 1%Y The thickness as determined by a 
DekTek profilometer or by ellipsometry of the film at 20 various locations was 

30 averaged. The reported value is the percent of nonunifomiity of the coated wafer. 


11) Refraetiv InHftif. Out of P »an and In Plane, f^'n^'n and ("nriL!! 
respectively. Details of this test procedure are set forth in "McKen-ow.'. 
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12) Resrdual Stress fMPal: After measuring the residual stress of a coated, 
cured poly(arylene ether) film-coated wafer in the above-described Tencor System, 
the wafer was heated to a temperature of 400°C or 450°C over a time period of 60 
5 min in the System simultaneously with the recording of a stress measurement of the 
film at minute inten^als. The temperature of the System was then decreased to 25'C 
over a time period of 60 minutes simultaneously with the recording of a stress 
measurement of the film at minute intervals. The temperature in the System was 
then held constant at 25'C for 6 hours simultaneously with the recording of a stress 
10 measurement of the film at 6 minute intervals. This cyde was repeated 4 additional 
times. 

The reported Residual Stress values are recorded after the completion of five 
cycles. The Tg was determined from the tempwature at which the film exhibited 
IS zero stress. 

The Residual Stress of a similar poly(arylene ether) thin film was also 
measured via the 'bending beam" procedure as set forth in "McKerrow.'. 

20 13) Thenmal Stability: Both the isothermal thermal graphometric analysis 

('rrGA')(microgram loss/lime) and thickness change (%) were determined according 
to the procedure set forth in Uu. K S. Y.. et al, 'Characterization and Thin-Film 
Properties of FLARE~, A Low Dielectric Constant High Tg Fluorinated Poly(arylene 
ether), as an Intermetal Dielectric for Interconnect Applications," Proceedings, 

25 Thirteenth International VLSI Multilevel Interconnection (VMIC) Conference & Poster 
Session (California June 18-20, 1996) [hereafter 'Lau*]. 

EXAMPLES 

Example 1i Preparation of Coating Solution 
30 After preparing a 12% solution of a poly(arylene ether) conesponding to 
formula C wherein Z is 1,5-naphthalenediyl and n is about 10, available from 
AlliedSignal under the trad name "FLARE™ 1.51'. by dissolving the appropriate 
quantity of the solid polymer in cyclopentanone under ambient conditions in a glass 
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lined reactor, the solution was filtered through a series of four Teflon filtration 
cartridges at different pore sizes, i.e. 1.0, 0.5, 0.2 and 0.1 micrometers. 

Fxamnie 2: Preparation of Film Coated Substrate 

5 Al)Out 3 ml to about 7 ml of the solution prepared in Example 1 was processed 
onto the surface of a silicon wafer having a diameter of 6 inches, using a spin coater 
manufactured by Silicon Valley Group. Inc. (SVG), Model No. 8826. and a multiple 
hot plate oven track manufactured by SVG. Model 8840. with the initial spin 
conditions set at 72'F, 20-30 mmHg, and a spin cup humidity of 40%. The spin- 

10 bake-cure recipe was in accordance with the conditions set forth in "Lau", 

Various thermomechanical and electrical properties of the film were measured 
as illustrated below in Table 1. 
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TABLE 1. PROPERTIES OF FLARE~ 1.51 POLYARYLENE ETHER RLM 


PROPERTY 

Poly(aryiene ether) 
FUkRE~ 1.51 

Cured film thickness 

Nominally 1 micron 

Film Thickness Unifomiity 

<2% 

Refractive Index (out*of*pt3ne, 
niw) 

1.62 

Refractive Index (in-plane. Hte) 

1.63 

rv^laMrir Pnnctant rOLlt*Cf •Diane) 

calculated from Maxwell identity 
k^nm^^ 

2.62 

Dielectric Constant (in-plane) 

calculated from Maxwell identity 
k=nTE^ 

2.63 

D«electnc Constant (out-of-piane> 
MIM (capped plate) and 1 MHz 

MIM (DOM) and 1 MM2 

2.S2 
2 84 

Glass Transitton Temperature 

>350»C (DMA) 

Residual Stress (stress hysteresis) 

Mr'a 

31-37 

Residual Stress (Bending Beam) 
MPa 

45 

CTE (ppfn/*C) (TMA) 

43-52 

CTE (ppm/»C) (Bending Beam) 

40 

Tliennal Statxiity 

1) ITGA weight loss (% in 2 hr) 

2) thickness change (%) 

1) 1-2% (400*C) 
3-5% (425''C) 
5^% (450«C) 

2) zero change 

Gapfiil Ability (type of substrate 
surface) 

0.30 Jim (SiOj) 
0.25 Jim (Al) 
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As illustrated In Figure 4, analysis of the first DSC scan on the film recorded a 
distinct exotherm having a maximum temperature (°Tm«. ") at 226«C. with an onset 
coinciding with a shallow endotherm (softening point) at a temperature of ISa'C. 
Although not wishing to be bound by any theory, we believe that the exotherm at 
5 226°C (AH=304.6 J/g) is likely due to the IMC reaction that rigidizes the 
bis(phenylethynyl)biphenyl units. 

Upon subjecting the samples to a second DSC scan, neither of these 
exotherms and endotherms were apparent, and no new features assignable to a 

10 glass transition were observed between 200» and 300OC. A mild calorimetric 
change was seen In the 350»-400«C range, but it was ambiguous. At temperatures 
of 35(y-400«C, a possible position for a Tg at a temperature of about 360«C and an 
exotherm (which was -10% of the magnitude of the exotherm recorded at 226*C) at 
393»C. We also believe that this mild exotherm likely corresponds to the cross- 

15 linking reaction of residual phenylethynyl groups left over from the IMC reaction. 
We further believe that the combination of these IMC reactions contributes to the 
high Tg of the composition of the present invention. 

The results of DMA and TMA analysis confinned that the film possesses a high 
20 Tg. i.e. greater than 35(yC. FIGURE 6 illustrates the DMA results. 

The MIM dielectric constant for DOM structures vras higher than that for the 
capped structures due to the interaction between the polymer and the metal during 
the testing procedure. Such Interactions were eliminated by the use of the capping 
25 layer in the capped structures, the results for which thus more accurately represent 
the dielectric constant property of the polymer film. 

Pyampitt 3: Preparation of Fr fl«» Standing Films 

Fifty mL of the solution of Example 1 was concentrated to 25% solids content 
30 and then poured onto the surface of an optically polished quartz plate having a 
diameter of 10 cm to cover an area of about 1 cm by 6 cm. The solution was then 
leveled across th plat 's surface with a doctor's blade set at a nominal setting. 
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typically in the range of 35 ^irn to 80 ^m, trien baked on a hot plate. The coated 
plate was exposed to a variant temperature increasing at a rate of 5°C/min until the 
hot plate reached a temperature of 1 SOX, at which point it was baked at a constant 
temperature for about 2 hours. 

5 

In order to cure the film, the baked coated plate was then heated, in the 
presence of nitrogen, inside the ftjmace chamber of a Tencor Flexus Model 2410 
stress gauge at a variant temperature increasing at a rate of 5*C/min until the 
furnace reached a temperature of 425'C, then heated for 1 hour at 425*C, and then 
10 cooled at a variant temperature decreasing at a rate of 2*/min until the temperature 
in the furnace was 25<'C. 

The coated plate was then placed in water set at a temperature of SO'C for 1 to 
3 hours after which time the film was removed from the plate. The resulting fifm 
15 possesses a thickness of 30 to 60 ^im, as desired. 

It is evident from this Example that free standing film samples of poly(arylene 
ether) FLARE™ 1 .51 can be routinely prepared to a thickness ranging from about 30 
\im to about 60 iim. 

20 

EXAMPLE 4; 2.y-DIbromO'5.5'-dimethoxvbrDhenvt from Bromlnation of 3.31- 
DimathcxvbiPhenvl 

A 1.132-kg quantity (5.290 Mol) of 3,3'-dimethoxybiphenyl and 12 L of 
25 acetonitrile wer« charged into a reaction vessel set at a temperature of 25'C under 
ambient pressure with stirring. The temperature of a sunounding external cooling 
bath was then lowered such that the internal temperature of the reaction mixture 
was reduced to approximately 15"C. 

30 To this solution under cooling, 1.883 kg (10.58 Mol) of solid N- 
bromosucdnimid ("NBS") were added over a four-hour period while maintaining the 
reaction mixture temperature at 15'C. After removing the cooling bath, the reaction 
mixture was then stirred at ambient temperatur for approximately 15 hours. 


wo 97/01593 


35 


PCTAJS96/10811 


The crystallized product was isolated from the mother liquor by suction filtration 
in a BOchner filter funn I using approximately 200 ton* of pressure, washed with 
appcoximately-2 L of acetonitrile, then dried under ambient conditions while still on 

5 the BOchner filter for about 1 hour and then in an oven under 10 ton- of pressure and 
set at a temperature of about SO'C for about 16 hours. The yield of the product was 
1.338 kg (68%; theoretical yield was 1.968 kg). The melting range matched the 
literature value of 134-136'C. The purity of the product, which was determined by 
gas chromatography, using a Hewlett-Packard Model 5890 gas chromatograph 

10 equipped with a standard 2-meter glass capillary column ("GC") , was 98.4%. 

After concentrating ttie mother liquor on a BQchi rotary evaporator, the 
precipitated solids therefrom were partitioned between heptane and water phases at 
reflux The succlnimide-containing water layer was then discanied, and the wet 

15 heptane solution layer was dried by simple azeotropic distillation at a pot 
temperature of about SCC while the distillate mixture was collected in the Dean- 
Stark trap until the heptane phase appeared clear and virtually no more water 
droplets separated in the cooled distillate. After treating the anhydrous heptane with 
about 20 grams of activated charcoal such as 'Darco G-60" available from Aldrich 

20 Chemical Co., the solutton was fittered through a bed of a 'Celite* filtering aid, also 
available from Aldrich. and placed inside a BOchner filter funnel. The heptane 
filtrate was then cooled to allow crystallization of a tan-colored solid (360 g, 18% 
yield), which was then distilled on a Kugelrohr distillation device at 2-5 ton- pressure, 
to give 300 g (15% yield) of a colorless solid. GC analysis indicated a >98% purity, 

25 suitable for the Grignard reaction. 

The heptane moUier liquor was concentrated to yield 197 g of a solid residue. 
GC analysis of the solid revealed the presence of a mixture of mono and dibromo 
derivatives. 

30 

This example illustrates an improved method for producing 2,2'-Dibromo-5,5'- 
dimethoxybiphenyl which results in yields that are significantiy higher than those of 
the prior art processes. 
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Example S: 2.2'-Diiodo-S,S'^im thoxvbiphenvl from 2,2'«Dibr mo«S,S'» 
dimethoxvbiphenvl via Grionard Halogen Exchange 

5 Preparation of Grionard Reaoent 

Approximately 5 L of tetrahydrofuran (THF) (Aldrich 14,7222-2) were mixed 
with 0.5 L of a 65% solution of sodium bis(2-methoxyethoxy)aluminium hydride in 
toluene, a reagent available from Aldrich Chemical Co. under the tradename 'Red- 
Al®" (19.619-3). under ambient conditions. The mixture was heated to reflux and 

10 distilled under nitrogen to produce anhydrous THF. 

A reacUon vessel equipped with a mechanical stirrer was charged with 110 
grams (4.58 Mol) of magnesium turnings (Aldrich 20.090-5). A 500-mL portion of a 
solution containing 700 grams (1.88 Mol) of the 2.2'-dibromo-5,5'-dimethoxybiphenyl 

15 produced in Example 4 In 3.000 mL of dry THF was added to the vessel. The 
reaction mixture was heated for about 10 minutes with a heating mantle to a 
temperature of 60«C while 2 grams of an iodine reaction initiator was added thereto. 
Then, the rest of the THF- 2.2'.dibromo-5,5'-dimethoxybiphenyl solution was added 
dropwise to the reaction mixture at a rate sufficient to maintain reflux. After heating 

20 the mixture at reflux (60«C) for one hour. 1 ,500 mL of dry THF were added thereto 
while maintaining the temperature of the reaction mixture at about 60 »C. 

lodination 

A 1.050-gram (4.134 Mol) quantity of iodine and 3.000 ml of anhydrous THF 
25 were charged Into a 22-L reaction flask equipped with mechanical stirrer which was 
maintained at a temperature of 0«C via an external cooling bath. The above 
Grignard reagent was added thereto via a double tipped syringe over a period of 3 
hours. The reaction mixture was then stirred for an additional three hours. 

30 After slowly adding 10 L of a 20% aqueous sodium bisulfite solution to the 
reaction mixture, the resulting mixture was stirred for 16 hours. The solid product 
was collected therefrom via the suction filtration procedure set forth in Example 4. 
The filtered cake was washed four times with 1,000 mL of water, then dried in the 
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vacuum oven described in Example 4 for 24 hours at SO'C. In general. 800-824 g 
(92-94% yield; theoretical yield is 876 g) of 2,2'-Diiodo-5,5'-dimethoxybiphenyl (93 
% purity as determined by GC) was produced. 

5 Example 6; 2,y.DiiQdo.5.5'-bis<tetrahvdr QDvranvnbiphenvl via Tetrahydro- 
nvranvtation of 2.2'.Diiodo-5, S'.dihvdrQXvbiDhenvl 
A 250-mL (230.5 grams; 2.83 Mol) quantity of dihydropyran (Aldrich 310.620-8) 
was charged into a reaction flask equipped with a mechanical stin-er at 25»C and 
ambient pressure. Over a minimum of three hours, 200 g 2.2'-dliodo-5,5'- 
10 dihydroxybiphenyl was added in the absence of catalyst. 

Samples of the reaction mixture were analyzed by thin-layer chromatographjr 
("TLC") using a hexane-ethyl acetate eluant in a 5:1 molar ratio. When the TLC 
results showed complete disappearance of starting materials, 450 mL of heptane 

15 were charged Into the reaction vessel, and the resulting mixture was stirred for 16 
hours. The solid product was collected via the suction filtration procedure set forth 
in Example 4. washed twice with 200 mL of heptane, and then dried in the vacuum 
oven used in Example 4 at a temperature of 50°C for 24 hours. A 220-g quantity 
(80% yield) of 2.2'-Diiodo-5.5'-bis(tetrahydropyranyl)biphenyl was produced having 

20 a melting point of 116.5-117.4«C (literature melting point of 112 -C to 113'C as set 
forth in LIndley). 

Example 7 illustrates a reliable method of producing 2,2'-Oliodo.5,5'- 
bis(tetrahydropyranyl)blphenyl at a yield higher than that reported in the prior art. 
25 i.e. "Lindle/. 

Examples; a» Pvom piarv Synthesis of Polyf arylene ether) Solution 

1.0000 Mol of decafluorobiphenyl followed by 0.6633 Mol of 2.2*- 
30 bis(phenylethynyl)-5.5'-dihydroxy-biphenyl were added to a nitrogen purged reaction 
vessel containing 600 mL of N.N-dimethylacetamide ("DMAC"). The mixture was 
heated to a temperature of IIO'C using an internal Teflon®^ated thermocouple. 
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Potassium carbonate (2.48 Mol) was then added to the stirred reaction mixture wtiiie 
maintaining its Internal temperature at 110'C. 


After four hours of stirring, 0.3317 Mol of 1,5-dihydroxynaphthalene were added 
5 thereto with stirring. After about 17 hours of additional stining, the mixture was 
cooled to ambient temperature then poured into 2 L of water. The resulting white 
polymer precipitate was filtered via the suction filtration procedure set forth in 
Example 4, washed once with 200 mL of water, placed inside an extraction thimble 
in the Soxhiet tower, and continuously extracted with a recycling stream of 15% 

10 ethanoi/water sustained by volatilizing the solvent up to the water-cooled 
condenser, condensing the solvent to drop into the thimble inside the Soxhiet tower, 
and siphoning back to the heating pot Extraction was continued for 2 to 3 days. 
After the polymer was rinsed with 500 mL of methanol and dried under yacuum at 
70*C for 15 hours, it was then dissolved in cyclopentanone at the desired solids 

IS content The solution was filtered through the series of 4 Teflon cartridges with 1 .0, 
0.5. 0.2 and 0.1 urn porosities. 
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1 A process for producing a composition of formula C 



wherein 

R" is an aromatic compound which imparts a glass transition temperature of 

greater than 260 to the composition; 

m is an integer of from about 0 to about 50; and 

n is an integer of from about 1 to about 200; 

comprising: 

a) reacting a compound of Formula A 



F 


F 


F 


F 


r 


wherein r is an integer of from about 0 to about 60. 
or a compound of Formula D 
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-J q 


wherein q is an integer of from about 0 to about 49 
with a compound of formula B: 


HO-R-OH 


5 wherein 


R is an aromatic nuclei which imparts a glass transition temperature of greater 
than 260 to the composition 
under conditions sufficient to produce the composition. 

2. The process of claim 1 wherein said compound of formula B contains R groups 
comprised of. 



15 
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H N 



N N 



N N 





55 

: or mixtures thereof. 

3. The composition produced according to the process of claim 1 . 

4. The process of claim 1 wherein the compound having formula A and the first 

compound having formula B are further reacted with a compound havir^ 
formula Z under conditions sufficient to produce a product con-esponding to 
10 formula C 
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wherein 

2 is comprised of 1,5 -napthalenediyi, a second compound 

having fonnula B which is independent from said first 
compound having formula B, or mixtures thereof; 

Y is independently 



mixtures thereof; 

Ti, T2. and T, are independently comprised of an alkyi having from about 

to about 10 carbons, an aryl, or mixtures thereof; 
a is independently an integer from about 1 to about 200; and 

b js an integer of from about 0 to about 20. 
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The process of claim 1 wherein the compound having formula D and the first 
compound having formula B are further reacted with a compound having 
formula Z comprised of 1 ,5-napthalenediyl, a second compound having fonnula 
B which is independent from said first compound having fonnula B, or mixtures 
thereof, under conditions sufficient to produce a product corresponding to 
formula D' 


ty0 

c c 

IH III 
R R 



M<7 


2d 


O— Z — 



J 


J d 


10 


wherein 
Zis 


Ris 


comprised of 1.5 -napthalenediyi, a second compound 
having fomiula B which is independent from said first 
compound having formula B, or mixtures thereof; 



N 




N N 




3 » 


-C«H4CbH2bCH3 


15 


Ti. T2. and T3 are independently comprised of an alkyi having from about 1 

to about 10 cartsons. an aryl, or mixtures thereof; 
d is Independently an integer from about 1 to about 200; 

b is an integer of from about 0 to about 20; and 

q is independently an integer of from about 0 to about 20. 
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6. A film comprised of the composition of claim 3. 

7. A substrate coated with the composition of claim 3. 

5 

8. A microelectronic device containing the film of claim 6. 

9. A composition having formula C 


10 wherein 

R" is an aromatic compound which imparts a glass transition temperature of 

greater than 260 to the composition; 

m is an integer of from about 0 to about 50; and 

n is an integer of from about 1 to about 200; 



10. A composition having formula D" : 


c c 

in m 
P q 



F 


0—2 — 



F 


F 


F 


d 


2d 


wherein 

Z is comprised of 1 ,5-napthalenediyl, a compound of formula B: 
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HO-R-OH 

wherein R is an aromatic nuclei which imparts a glass 
transition temperature of greater than 260 °C to the 
composition, or mixtures thereof; 

5 Yis 



-CbHibCHj , -CbH2bC6H5 , -C6H4CbH2bCH3 , 

Ti. Ta, and T3 are independently comprised of an alky! having from about 1 

to at)out 10 carljons. an aryl, or mixtures thereof; 
d is independently an integer from about 1 to about 200; 

b is an integer of from about 0 to about 20; and 

q is an integer of from about 0 to about 20. 


1 1 . A composition having formula C 
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wherein 

Z is comprised of 1,5 -napthalenediyi, a compound of fomiula B: 

HO-R-OH 

wherein R is an aromatic nudei which imparts a glass 
transition temperature of greater than 260 °C to the 
composition, or mixtures thereof; 
Y is independently 



-CbHjbCHj , -CbH2bC<H5 , -C«H4CbH2bCH3 , 


10 


Ti, T2, and J3 


and mixtures thereof; 

ar independently comprised of an alkyi having from about 1 
to about 10 cariDons, an aryl, or mixtures thereof; 
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a is 
b is 


independently an integer from about 1 to about 200; and 
an integer of from about 0 to about 20, 


12. A process for producing a fluorinated poly(arylene ether) mixture suitable for 
5 spin-coating onto a subsfrate comprising: 

a) forming a solution from a composition of the formula C 


F F 



10 wherein 

R" is an aromatic compound which imparts a glass transition temperature of 

greater than 260 **C to the composition; 

m is an integer of from about 0 to about 50; and 

n is an integer of from about 1 to about 200 and an aprotic solvent; and 

b) filtering the solution through at least one filter having a pore size of about 
0.1 micrometers. 

1 3. A process for producing a cured, coated substrate comprising: 
20 a) forming a solution from a composition of formulae 
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wherein 

R" is an aromatic compound which imparts a glass transition temperature of 
greater than 260 *C to the composition; 
5 m is an integer of from about 0 to about 50; and 

n is an integer of from about 1 to about 200 and an aprotic solvent; 

b) filtering the solution; 

c) applying the solution of step b via spin-coating onto a substrate to fonn a 
film thereon; and 

0 d) heating the film of step c under conditions sufficient to cure the film. 

1 4. A film comprised of the composition of claim 9. 


15. 

15 

16. 


A substrate coated with the film of claim 14. 

A microelectronic device containing the film of claim 14. 
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FIGURE 1: 2,2'-DiiodO'5,5'-dimethoxybiphenyi Synthesis 
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FIGURE 2. Meth d f Synthesis of 2,2'-Bis(phenylethynyl)- 
5,5'-dihydroxybiphenyl 


5 
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RGURE 2. Method of Synthesis of 2,2'.Bis(phenylethynyl)- 
5,5'-dihydroxybiphenyi 
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Fig. 4B 
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Fig. 5 
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